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SUMMARY 

This  Note  describes  the  influence  of  individual  differences  in 
ability  and  subject-selected  learning  procedures  and  strategies  for 
acquiring  knowledge  from  naps.  Verbal  protocols  were  obtained  froa  25 
subjects  selected  for  their  differences  on  psychometric  tests  measuring 
spatial  restructuring  and  visual  memory  abilities.  These  protocols 
indicated  a  number  of  learning  procedures  and  strategies  that  subjects 
used  to  focus  attention,  encode  information,  and  evaluate  their  learning 
while  studying  a  map.  High-ability  subjects  differed  from  low-ability 
subjects  in  their  recall  of  spatial  attributes  of  the  map,  use  of 
imagery  for  encoding  spatial  information,  and  adoption  of  attention- 
focusing  strategies  to  guide  their  approach  to  the  map-learning  problem. 
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I.  INTRODUCTION 


The  study  of  intelligent  behavior  in  many  task  domains  requires  an 
understanding  of  the  sources  of  individual  differences  which  influence 
task  performance.  Two  typical  and  important  sources  of  individual 
differences  are  basic  abilities  (Cronbach  &  Snow,  1977)  and  the 
strategies  that  people  use  to  perform  a  task  (Johnson,  1978;  Hunt, 

1978).  In  this  context,  abilities  are  basic  individual  traits  that  are 
relatively  enduring  and  resistant  to  change.  Procedures  and  strategies, 
on  the  other  hand,  are  assumed  to  be  discretionary,  trainable,  and 
improvable  with  practice.  This  Note  investigates  how  such  differences 
influence  the  acquisition  of  knowledge  from  geographic  maps.  The 
research  investigates  expertise  in  map  learning -by  analyzing  differences 
between  good  and  poor  learners  in  terms  of  both  their  basic 
information -processing  abilities  and  their  self-selected  learning 
procedures  and  strategies. 


II.  BACKGROUND 


Map  learning  is  a  constructive  process  which  produces  a  aental 
representation  of  the  space  depicted  on  the  map.  This  internal 
knowledge  representation  stores  many  types  of  information,  including 
names ,  shapes,  locations,  and  distances.  Since  map  learning  is  an 
active,  intentional  process,. it  may  be  viewed  as  a  problem-solving  task 
(Newell  &  Simon,  1972)  with  a  goal  of  achieving  some  memory 
representation  of  the  map.  The  learner  applies  procedures  and 
strategies  as  problem-solving  operators  to  produce  the  memory 
representation.  These  subject -selected  procedures  are  specific 
techniques  for  selecting  information  from  the  map  to  study  and  for 
encoding  the  information  in  memory.  The  procedures  are  of  three  types: 
attentional,  encoding,  and  evaluation.  Attentional  procedures  restrict 
the  map  information  that  the  learner  attends  to  at  any  point  in  time. 
Encoding  procedures,  such  as  rehearsal  or  imagery,  elaborate  the 
information  in  attentional  focus  and  integrate  it  with  information  in 
memory.  Finally,  evaluation  procedures  monitor  the  learner's  progress 
by  considering  what  information  has  been  learned  and  what  remains  to  be 
studied. 

In  addition  to  these  procedures,  people  often  adopt  global 
strategies  for  approaching  the  overall  learning  task.  For  example,  an 
individual  may  decide  to  first  learn  the  spatial  information  on  the  map, 
and  then  learn  the  verbal  labels  associated  with  the  spatial  locations. 
An  individual's  strategy  may  determine,  in  part,  the  procedures  he  or 
she  chooses  for  accomplishing  the  learning  task. 


In  previous  studies  of  map  learning  (Thorndyke  &  Stasz,  1980),  we 
collected  verbal  protocols  from  subjects  attempting  to  learn  fictitious, 
yet  realistic,  maps  (see  Figure  1).  On  each  of  six  trials,  subjects 
studied  a  map  for  two  minutes  and  then  attempted  to  reconstruct  the  map 
from  memory.  During  study,  subjects  thought  out  loud,  describing  their 
attentional  focus,  their  study  procedures,  and  their  evaluations  of 
their  learning  progress. 

Analysis  of  these  protocols  identified  13  procedures  that  subjects 
employed  for  focusing  attention,  encoding  information,  and  evaluating 
the  state  of  memory.  Large  individual  differences  were  apparent  both  in 
subjects'  use  of  these  procedures  and  also  in  their  rate  of  learning  of 
map  information.  A  comparison  of  good  learners  (subjects  correctly 
recalling  at  least  90  percent  of  the  map  information  by  the  final  trial) 
and  poorer  learners  showed  that  subjects  differed  primarily  in  the  use 
of  a  few  study  procedures .  Three  of  the  procedures  that  differentiated 
good  from  poor  learners  involved  the  encoding  of  spatial  configurations 
of  map  information.  These  were  imagery,  pattern  encoding,  and  relation 
encoding. 

Our  results  and  informal  observations  suggested  that  specific 
abilities  might  also  influence  the  learning  process.  In  particular,  we 
conjectured  that  subjects'  spatial  ability,  rather  than  the  use  of 
particular  procedures,  might  underlie  the  observed  differences  in 
performance.  Since  procedures  comprise  relatively  low-level  processes 
for  manipulating  information,  subjects'  choice  of  procedures  might 
depend  on  their  underlying  abilities.  For  example,  the  best  nap  learner 
reported  that  he  had  good  visual  memory  and  frequently  used  imagery  to 
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learn  and  remember  information.  By  contrast,  the  worst  learner  reported 
that  he  had  never  experienced  having  mental  images.  He  used  primarily 
verbal  learning  procedures,  such  as  associating  map  information  with 
previous  knowledge.  This  subject  did  not  attempt  to  learn  the  more 
complex  spatial  configurations  on  the  map. 

Ability  differences  might  also  influence  subjects'  skill  at  using  a 
particular  procedure.  For  example,  we  observed  that  poorer  learners 
were  frequently  inaccurate  in  their  evaluations,  during  study,  of  what 
they  had  already  successfully  learned.  The  evaluation  procedure 
requires  subjects  to  retrieve  knowledge  from  memory  and  compare  it  to 
information  on  the  map.  In  this  process,  subjects  might  evoke  a  mental 
image  of  stored  knowledge  for  comparison  with  the  map.  This  image  may 
be  clearer  or  more  accurate  for  subjects  with  better  visualization 
ability. 

Finally,  abilities  may  influence  the  selection  of  global  learning 
strategies.  In  the  map-learning  task,  all  of  the  information  to  be 
learned  is  presented  simultaneously  rather  than  sequentially.  Subjects 
must  decide  for  themselves  what  information  to  learn  first  and  how  much 
time  to  spend  studying  each  portion  of  the  map.  Individuals  with 
spatial  restructuring  skill  may  employ  strategies  that  subdivide  the 
learning  task.  For  example,  subjects  might  adopt  a  divide -and -conquer 
strategy  to  help  focus  their  attention  on  a  subset  of  the  information. 
They  learn  this  information  first,  and  then  define  and  learn  another 
subset.  This  strategy  serves  to  structure  the  task  into  a  sequence  of 
smaller  subproblems. 


In  sua,  abilities  appear  to  be  a  potentially  important  source  of 
variation  in  map  learning.  The  Thorndyke  and  Stasz  (1980)  results 
suggest  how  abilities  and  procedures  might  interact  in  the  map-learning 
process:  Procedure  choice  and  successful  procedure  use  night  both 
depend  on  basic  underlying  ability  differences.  The  present  study  was 
designed  to  investigate  possible  relationships  between  abilities, 
procedures,  strategies,  and  map- learning  performance. 
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III.  METHOD 


SUBJECTS  AND  ABILITY  MEASURES 

Twenty- five  subjects  were  selected  from  an  initial  group  of  94, 
based  on  their  performance  on  a  battery  of  standard  psychometric  ability 
tests.  The  tests  measured  field-independence  (Vitkin  &  Good enough , 
1977),  which  represents  spatial  restructuring  ability,  visual  memory, 
general  intelligence,  and  verbal  associative  memory.  We  selected 
subjects  who  differed  in  visual  memory  and  spatial  restructuring  skill 
but  had  equivalent  scores  on  tests  of  general  intelligence  and  verbal 
associative  memory. 

PROCEDURE 

Subjects  were  individually  tested  on  a  map-learning  task.  For  each 
of  two  maps,  a  town  map  and  a  countries  map,  subjects  alternately 
studied  and  reproduced  the  map.  The  town  map  shown  in  Figure  1  depicted 
the  streets  and  landmarks  of  a  small  town.  The  countries  map  shown  in 
Figure  2  portrayed  an  imaginary  continent  with  countries,  cities,  roads, 
railroads,  and  large  geographical  features,  such  as  rivers  and  a 
mountain.  On  each  of  six  trials,  subjects  studied  a  map  for  two  minutes 
and  then  used  as  much  drawing  time  as  they  wished.  During  study, 
subjects  provided  verbal  protocols  of  their  study  behavior,  including 
the  strategies  and  procedures  they  were  using.  Following  the  final 
trial  on  each  map,  subjects  answered  eight  location  and  route-finding 
questions  from  memory. 
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Fig.  2— The  Countries  Map 


IV.  RESULTS  AND  DISCUSSION 


Although  we  performed  a  variety  of  analyses  of  the  relationships 
between  abilities,  procedures,  strategies,  and  map  learning,  this  Note 
focuses  on  analyses  contrasting  performance  of  extreme  ability  groups. 
(Other  analyses  are  reported  in  Stasz  &  Thorndyke,  1980.)  Since  tests  of 
fie Id- independence  and  visual  memory  were  highly  correlated  (  r  =.66 ,  p 
<  .01),  most  subjects  fell  into  two  extreme  groups:  relatively  field- 
independent,  high  visual  memory  (HIGHs;  N  =  10),  and  field-dependent, 
low  visual  memory  (LOWs;  N  =  10).  Data  from  these  subjects  were  used 
for  all  subsequent  analyses. 

To  determine  the  relationship  between  ability  and  performance, 
recall  scores  between  HIGH-  and  LOV-ability  groups  were  contrasted.  For 
each  subject,  map  reproductions  provided  three  measures  of  recall 
performance:  proportion  of  map  objects  correctly  reproduced  (both 
spatial  location  and  verbal  label  correctly  specified),  proportion  of 
spatial  information  correctly  reproduced,  and  proportion  of  verbal 
information  correctly  reproduced.  Reproductions  were  scored  at  each 
trial.  For  each  subject,  mean  recall  was  calculated  across  trials  and 
maps. 

Table  1  presents  mean  recall  scores  for  the  two  groups.  Mann- 
Whitney  U  tests,  with  sample  sizes  of  10  and  an  alpha  level  of  .05, 
indicated  that  HIGHs  recalled  significantly  more  complete  elements  and 
spatial  attributes  than  did  LOWs .  The  groups  did  not  differ 
significantly  in  recall  of  verbal  attributes.  These  findings  replicate 
those  presented  in  Thorndyke  and  Stasz  (1980),  who  found  that  good  and 


HIGHS  LOWS 
Subjects 


Item 

10  | 

1  io 

Recall  (%) 

Complete  Elements 

62.2* 

50.2 

Spatial  Attributes 

66.5* 

54.0 

Verbal  Attributes 

76.5 

70.7 

Procedures  (mean  occurrences) 

Imagery 

5.4* 

3.0 

Strategies  (number  of  protocols) 

Divide-and -Conquer 

2 

3 

Global  Network 

10 

1 

Progressive  Expansion 

4 

4 

Narrative  Elaboration 

0 

2 

No  Strategy 

4 

10 

*p  <  -05 


poor  learners  differed  in  recall  of  complete  elements  and  spatial 
attributes,  but  not  of  verbal  attributes.  In  general,  subjects  had 
little  difficulty  learning  verbal  information  on  a  map.  The  present 
result  extends  those  findings  by  demonstrating  that  subjects'  visual- 
spatial  ability  may  underlie  differences  in  recall. 

To  coafpare  procedure  use  between  HIGHs  and  LOWs ,  the  average  number 
of  occurrences  of  each  study  procedure  was  calculated  across  trials  and 
maps  for  each  subject.  HIGH  subjects  used  all  of  the  procedures  that 
correlated  with  learning  in  this  and  previous  studies  (Thorndyke  & 

Stass,  1980)  more  frequently  than  did  LOWs.  However,  only  for  the 
imagery  procedure  was  this  difference  statistically  significant.  Thus, 
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the  remainder  of  this  Not*  vill  focus  on  differences  in  learning 

strategies . 

Analysis  of  protocols  and  post -experiment  interviews  identified 
four  strategiea  used  by  subjects.  Each  strategy  entailed  the  use  of 
particular  procedures.  In  the  divide -and -conquer  (DC)  strategy, 
subjects  eaployed  spatial  partitioning  to  divide  the  nap  into  distinct 
sections.  Subjects  would  then  study  each  section  as  a  separate  sub- 
problea.  Subjects  focused  their  attention  on  a  single  area,  such  as  the 
northwest  corner  of  the  nap  in  Figure  1,  ignoring  information  outside 
the  area  of  focus.  They  adopted  a  variety  of  procedures  to  learn  the 
information  in  the  identified  area.  Having  satisfied  themselves  that 
they  had  learned  this  information,  they  then  moved  on  to  study  a  new 
section.  This  process  continued  until  all  sections  of  the  map  had  been 
studied.  On  final  trials,  sections  were  appropriately  integrated  to 
maintain  feature  continuity. 

The  alobal  network  strategy  (GN)  subjects  used  the  conceptual 
partitioning  procedure  to  create  a  basic  spatial  framework  which  covered 
the  entire  area  of  the  map.  Rather  than  focusing  on  geographical  areas, 
as  in  the  DC  strategy,  subjects  Identified  a  certain  conceptual  category 
of  information,  such  as  streets,  cities,  or  geographical  features,  to 
establish  their  initial  framework.  In  Figure  1,  for  example,  a  subject 
might  first  study  vertical  streets  and  large  features,  including  the 
river,  railroad  track,  and  golf  course.  This  initial  framework  acted  as 
a  point  of  reference  for  learning  new  information.  Subjects  learned  new 
elements  by  associating  them  to  the  previously  learned  anchor  points. 
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Progressive  expansion  (PE),  the  third  major  strategy,  was 
characterized  by  subjects'  systematic  movement  of  attention  across  the 
map.  Typically,  subjects  chose  a  starting  point,  such  as  the  right  side 
of  the  map,  and  studied  as  many  adjacent  elements  as  possible  in  the 
allotted  time.  On  successive  trials  they  systematically  focused  on  and 
learned  new  elements,  moving  across  the  map  in  a  slow  progression  and  in 
a  consistent  direction. 

A  few  subjects  employed  the  narrative  elaboration  strategy  (NE). 
While  the  DC,  GN,  and  PE  strategies  relied  on  specific  attention- 
focusing  procedures,  the  NE  strategy  did  not.  NE  strategists  created 
verbal  associations,  such  as  a  story  or  narrative  to  remember  map 
elements  and  their  relationships.  For  the  map  in  Figure  1,  for  example, 
one  subject  invented  and  rehearsed  the  following  narrative:  The  butler 
went  to  church  and  saw  cedar  trees  in  the  park.  Thus,  he  created  an 
association  among  Butler  Street,  Church,  Cedar  Street,  and  Park  Drive. 

To  determine  whether  strategy  use  was  related  to  subjects’  ability, 
the  study  protocols  were  sorted  into  one  of  the  four  strategy  groups,  or 
into  the  "no  strategy"  group.  Table  1  shows  that  80  percent  of  the  HIGH 
subjects'  protocols  exhibited  one  of  the  three  attention-focusing 
strategies.  None  of  the  HIGH  subjects  used  the  NE  strategy,  and  only 
four  protocols  were  classified  into  the  "no  strategy"  group.  By 
contrast,  50  percent  of  the  LOW  subjects'  protocols  showed  no  consistent 
strategy.  Eight  protocols  contained  attention- focusing  strategies,  and 
two  protocols  used  the  NE  strategy.  To  test  whether  the  use  of 
attention- focusing  strategies  versus  no  strategy  was  significantly 
different  for  HIGHs  and  LOWs ,  Fisher's  exact  test  was  computed 
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separately  for  each  aap.  The  teats  indicated  that  the  probability  of 
chance  differences  at  least  this  large  in  the  tendency  of  the  two  groups 
to  use  a  strategy  is  .08. 


V.  COHCmSIONS 


These  analyses  suggest  that  both  abilities  and  subject-selected 
learning  techniques  are  important  sources  of  individual  differences  in 
map  learning.  Visual -spatial  ability  nay  underlie  the  use  of  effective 
procedures  for  learning  spatial  infonation  and  the  adoption  of 
attention- focusing  strategies.  Both  of  these  learning  processes 
contribute  to  successful  nap  learning.  Thus,  three  key  characteristics 
identify  good  nap  learners:  (1)  They  adopt  an  attention- focusing 
strategy;  (2)  they  use  imagery  to  encode  spatial  information;  and  (3) 
they  have  high  visual -spatial  ability. 
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Naval  Aerospace  Bedical  Research 
Laboratory 
box  234C7 

Aev  Orleans.  LA  70189 
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Er.  Honan  J.  Kerr 
Chief  of  Naval  Technical  Trai.ni.nq 
Naval  Air  station  Heaphis  (75) 
Millington,  IN  38054 

Or.  Nilliaa  L.  Haloy 
Principal  Civilian  Advisor  for 
Education  &  Traininq 
Naval  Traininq  Command,  code  00A 
fensacoia,  F u  32503 

Er.  Kuealg  Marshall 
scientific  Advisor  to  DCNO(MPI) 

CEC  1 1 

Washington,  D.C.  20370 

Capt.  aichard  L.  Martin,  USN 
Prospective  Coaaandinq  Officer 
uss  Carl  Vinson  (cvn-70) 

Newport  News  snipbuildinq  6 
Etydoc*  Coapany 

Newport  News.  VA  23607 

Er.  Georqe  Moeller 
Head.  Huaan  Factors  Department 
Naval  Submarine  Medical  Besearch 
Laboratcry 

Croton,  Cl  C6340 

Dr.  Nilliaa  Montague 

Navy  Personnel  BSD  Center 

San  Dieqo,  CA  S2  152 

Naval  Medical  BSD  Coaaand 
Code  44 

National  Naval  Medical  Center 
Eetbcsda,  ED  20014 

Mr.  Nilliaa  Mordbcock 
instructional  Proqcaa  Development 
flldq.  9C 
AET-PDCD 

Great  LaJces  Naval  Traininq  Center 
Illinois  60C88 

Ted  fl.  I.  Teilen 
Technical  Inforsation  Office, 

Coda  201 

Naval  Personnel  BSD  Center 
San  Eieqc,  CA 
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Library#  Code  P20IL 

Naval  Personnel  BSD  Center 

San  Eieqo.  CA  92152 

Technical  Director 

Navy  Personnel  BSD  Center 

San  Eieqo.  CA  92152 

Conaandinq  Officer 
Naval  Research  Laboratory 
Code  2627 

iashisqtcn.  D.C.  20390 

Psycboloqist 
CNB  Branch  Office 
Bldq.  114.  Section  D 
666  Sunnier  street 

boston.  HA  C2210 

Psycboloqist 
CNB  Brancn  Office 
536  S.  Clark  Stree 

Cbicaqo#  IL  60605 

Personnel  6  Traininq  Besearch 
Pcoqcans  (Code  453) 
tffice  of  Naval  Besearch 
Aclinqton.  VA  222 17 

Psycholoq 1st 

CNB  Branch  Office 

1C3C  East  Green  Street 

Pas  a  Jena.  CA  9110  1 

Office  of  the  Chief  of  Naval 
Orerations 

Bcseacch  Development  &  Studies 
Branch  (OP-115) 

Hasbinqton#  D.C.  20350 

It.  frank  c.  Petho#  NSC.  USN  (ph.t.) 
Cede  L5I 

Naval  Aerospace  Hedical  Research 
laboratory 

Pensacola,  PL  32506 
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On.  Gary  foock 

Cpecations  Besearch  Depart aent 
Code  55PK 

Naval  Postqcaduate  School 
flcntecey.  CA  53940 

Boqec  H.  fieainqton.  Ph.O. 

Code  L52 
KAHBL 

Pensacola.  FL  32508 

Be.  Arnold  Bubenstein 
Naval  Personnel  Support  Technoloqy 
Naval  Material  Coinaaud  (03I24M) 
ficca  1044.  Crystal  Plaza  #5 
222  1  Jefferson  Davis  Hiqhvay 
Arlington,  VA  20360 

Ic.  north  Scaniand 

Chief  of  Naval  Education  &  rrainicq 

Code  N-5 

NAS 

Pensacola.  PL  32506 

Er.  Bobert  G.  Saith 

Office  of  Chiet  of  Naval  Operations 

CP-567H 

iasbinqton.  DC  20350 

EC.  Alfred  F.  Snode 
iraininq  Analysis  8  Evaluation 
Gccup  II AEG) 

Eepactsent  of  the  Navy 

Crlando,  FI  32SI3 

Er.  iichard  Sorensen 

Navy  Pecsonnel  B&D  Center 

San  Eieqo.  CA  92152 

Ec.  Bobert  Hisher 
Code  309 

Naval  Personnel  B&D  Center 

Sau  Eieqo,  CA  92152 
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£r.  fialph  Dusek 

O.s.  Amy  Research  Institute 

SC0 1  Eisenhower  Avenue 

Alexandria*  VA  22333 

Dr.  frank  J.  Harris 

u.s.  Amy  Besearch  Institute 

5001  Eisenhower  A  venue 

Alexandria.  VA  22333 

Col.  frank  Hart 

Amy  aesearch  Institute  for  the 
Behavioral  6  Social  Sciences 
SCO  I  Eisenhower  Blvd. 

Alexandria.  VA  223 33 

Dr.  flichael  Kaplan 

O.S.  Amy  Besearch  Institute 

5CC1  Eisenhower  Avenue 

Alexandria.  VA  22333 

Cc.  Hilton  S.  Katz 

irainiuq  technical  Area 

O.s.  Arav  Besearch  Institute 

5CC 1  Eisenhower  Avenue 

Alexandria.  VA  2 2333 

Lircctor 

U.S.  Amy  Huaan  Eaqineerinq  Labs 
Attn:  CHHE-DB 

Atecdeeu  Bcovinq  Ground.  ND  21005 

£r.  ilacoid  F.  O’Neil.  Jr. 

Attn:  PieRI-OK 

ACfcv  aesearch  Institute 

5CC1  Eisenhower  Avenue 

Alexandria.  VA  22333 

Cc.  fiocert  Sassor 
U.S.  Amy  Besearch  Institute  for 
the  Behavioral  6  Social  Sciences 
5CC1  Eisenhower  Avenue 
Alexandria.  VA  22333 

Cc.  Josepn  Bard 
O.S.  Amy  Research  Institute 
5CC1  Eisenhower  Avenue 
Alexandria.  VA 
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Ail  University  Library 
AOL/ISE  76/443 

Baxwell  AEB,  AL  36112 

It*  lari  A.  Aiiuisi 
Hq  AFHHL  (APSC) 

urcoks  AFb,  IX  73235 

lr.  Genevieve  Haddad 
Ftoqras  Eanaqer 
Life  Sciences  Directorate 
Arcs  8 

Bollinq  Air  Force  Base 
Hashinqtcn,  D.C.  20332 

cr.  Bess  L.  Horqan 
(AFdBL/Lfi) 

wriqht- Patterson  AFB,  Oil  45433 

Lr.  Earty  Bockway 
(AFBBL/111 

Lowry  AFd,  CO  30230 

370C  ICHTd/TTGH 
Stop  32 

Sheppard  APB,  TX  76311 

flaloc  Jack  A.  Thorpe,  USA F 
Naval  Bar  Colleqe 

Providence,  si  02S46 


DIPABTMf MI  OF  THE  HABIMfS 
54 


H.  Nilliaa  Greenup 
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Education  Cetner,  HCDEC 
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55  tales  Hovard  Lanqdoa 

Hq. ,  Marine  Corps 

OTTI  3  1 

Arlinqton  Annex 

Colaabia  Pike  at  Arlington  Ridge  id. 

Arlington,  VA  20380 

56  Special  Assistant  for  Marine 

Corps  flatters 
Code  1C OH 

eft  ice  of  Naval  Research 

6CC  M.  Gainey  Street 

Arlinqton,  VA  22217 

57  £r.  A.  L.  Slafkosky 

Scientific  Advisor  (Code  HD*  I) 

Hq.,  u.S.  Marine  Corps 
hashinqtcn,  D.C.  20390 

DEPARTMENT  OF  JBFEkSF 

58  1 1CC- 0300 J  Assistant  Director  (Environmental 

and  Life  Sciences) 

Office  of  the  Under  Secretary  of 
Defense  for  Research  S  Engineering 

59  II 50-0060 J  Central  deference  Division  « 

Defense  Intelligence  Aqencv 
Attn:  R1S-6B2A 

60  13C0-0100J  Defense  technical  Information  Center  12 

61  Dr.  Craiq  2.  Fields 

Advanced  Research  Proiects  Aqency 
14CC  rfilson  Jlvd. 

Arlinqton,  VA  22209 

62  Lr.  Dexter  Fletcher 

Advanced  Research  Proiects  Aqency 
14CC  dilscn  Bivd. 

Arlinqton,  VA  22209 

63  Cdr.  Van  K.  Nield,  0SN 

Code  STI 

Hq.,  Deieuse  flappinq  Agency 
bniidinq  56 
havai  Observatory 
Washington,  D.C. 


20305 
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64  Military  Asst,  for  Tea ini ay  & 

Fersonn«l  Techuoloqy 
Office  of  tiie  Under  secretary  of 
Defense  for  Research  &  fcnqineerinq 
Mashiuqtci.,  D.C.  20J01 

OTHER  GOVERNMENT  AGENCIES 

65  57CC-C2J0C  lepirtaent  of  State 

66  5800-6 10C0  Cectral  Intel liqence  Aqency 

67  Ir.  Sjsan  Chipaan 

leaccraq  6  Cevelopaeut 
National  Institute  of  Education 
1iC C  -  19th  Street,  K.W. 

.asninqtcn,  D.C.  20208 

68  Cc.  Josepn  1.  Lipson 

SE  1)B  R-639 

National  Science  Foundation 
Kashinqtcn,  D.C.  20550 

69  Cr.  John  Mays 

National  Institute  of  Education 
12C0  -19th  Street,  n.u. 

Hashiuqtoo,  D.C.  20206 

70  Cr.  Arthur  Helaed 

National  Institute  of  Education 
I2GC  -  19th  Street,  H.H. 

Uasbinqton,  D.C.  20208 

71  Cr.  Andrea  B.  Holnar 

Science  Education  Developnent  £ 
Research 

national  Science  Foundation 
uasbiaqton,  D.C.  20550 

72  Cc.  Joseph  L.  Younq,  Director 

Beaory  6  Coqnitive  processes 
National  Science  Foundation 
knshinqton,  D.C.  20550 
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Dr.  Cohn  S.  Anderson 
Ccpactnent  of  Psycholoqy 
Carocqie  Mellon  University 
Pittsburgh,  PA  152 1 J 
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74  Cr.  Michael  Atwood 

Science  Applications  institute 
40  Center  lech.  Center  Nest 
7935  S.  Erentice  Avenue 
Enqlewood.  CO  80110 

75  I  Esychoicqical  Be search  Unit 

Cept.  of  ce tense  (Any  Office) 
Caspbell  Bark  Offices 
Canberra  ACT  2600*  Australia 

76  Cr.  Alan  Baddeley 

Medical  Sesearch  Council 

Applied  Psycho ioqv  Uait 
15  Chaucer  Boad 
caabridqe  CB2  2EF 
EAGIAND 

77  Cc.  Patricia  Baqqett 

Sepattaent  of  Psychology 
University  of  Denver 
University  Park 
Center.  CC  83208 

78  Cr.  Hi.chci.as  A.  Bond 

£ept.  of  Esvchoioqy 
Saccaaentc  State  Colleqe 
6CC  Jay  Street 

Saccaaento,  CA  95819  Non  Govt 

79  Cr.  lyle  Bourne 

Eepartaent  of  Psychology 
university  of  Colorado 
coulder,  CO  J0309 

80  Cc.  John  S.  Brown 

ilBC x  Pale  Alto  Research  Center 
3333  coyote  Boad 
Palo  Alto.  CA  94304 

81  Dr.  bruce  Buchanan 

uepartaent  of  Computer  science 
Stanford  University 
Stanford.  CA  94305 

Ic.  Eat  Carpenter 
Cepartaent  of  Psychology 
Carnegie-Sellon  University 
Pittsourgh,  PA  15213 
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Cc.  John  E.  Carroll 
Psychoaetcic  Lab 
Unit,  of  Mo«  Carolina 
Cavie  Hail  OliA 
Chapel  Bill*  NC  27514 

Charles  Byars  Library 

Livingstone  Bouse 

Livingstone  Bond 

Stratford 

Lon ion  115  2LJ 

cAGLAAD 

Cr.  Mil lias  Chase 
Cepirtaeut  of  Psychology 
Carnegie  Belloa  University 
Eittsburgn*  PA  152  1 3 

Cr.  Eicheiine  Chi 
Learning  B  6  0  Center 
University  of  Pittsburgh 
J93S  O'Hara  Street 
Eittsfcurgb,  PA  1521J 

Cr.  Kenneth  £.  Clark 

College  of  Arts  6  Sciences 

University  of  Rochester 

River  Caapus  Station 

Bccbestcr*  BY  14637 

Cr.  Allan  H.  Collins 
Eolt  Bcranek  6  Nevaan*  Inc. 

5C  Boulton  Street 
Caatridge*  Ha  02133 

Cr.  lynn  A.  Cooper 
Cepartaeat  of  psychology 
uris  Hall 

Cornell  University 
Ithaca*  MY  14850 

Or.  Meredith  P.  Crawford 
Aaerican  Esychological  Association 
1200  17th  Street*  M.W. 

Washington*  DC  20036 


90 


>-  1569-ONR  ABI1I1*  Alt  SI  BATH*  I 


10/07/80  PAG I  11 


Cc.  Kenneth  d.  Cross 
Anacapa  Sciences#  Inc# 
t.C.  Drawer  Q 
Santa  dartara#  CA  93102 

Cr.  Hubert  Dreyfus 
Cep art seat  of  Philosophy 
University  of  California 
Berkeley#  CA  9*720 

l COL  J.  C.  Eqqenbecqer 
Directorate  Of  Personnel  Applied 
Research 

National  Defence  HQ 
1C1  Colonel  by  Drive 
Ottawa#  CANADA  K1A  0K2 


Cr.  Victor  Fields 
Cepactnent  of  Psycholoqy 
Bon tqo aery  Colleqe 
Rockville#  ND 


20350 


Sr.  Edwin  A.  Pleishnan 

Advanced  Research  Resources  Orqan. 

suite  9C0 

4 33C  East  Rest  Hiqhway 
dashinqton#  SC  2001* 

Cr.  John  C#  Folley#  Jr. 

Applied  Sciences  Associates#  lac. 
Valencia#  PA  16C59 

Cr.  John  B.  Feeder iksen 
dolt  deraoek  *  Newsan 
50  Scultan  Street 
caatridqe#  BA  02138 

Cc.  Aiiada  Friedaan 
Cep art sent  of  Psycholoqy 
Qniversity  of  Alberta 
Idnonton#  Alberta 
(.ABACA  166  289 

Cr.  B.  Idward  Geiselaan 
Dcpactaeot  oi  Psycholoqy 
University  of  California 
Los  Anqeles#  CA  9002* 
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Dr.  Harviu  0.  Glock 
217  Stone  Hall 
Coe oc 11  University 
Ithaca.  K i  14653 

£R.  JAMES  G.  UREEHO 
LHC 

UH1VIH3I1I  Of  PIIlSjiilKUti 
3539  J'HA&A  JISLZT 
t’HlSJ JfijJ,  PA  15213 

£ c.  Harold  Hdvkins 
Ceparteeut  or  Psycholoqy 
University  or  Oreqon 
Euqcne.  CS 

Ac.  Richards  J.  Heuer,  Jr. 
27565  Via  Sereno 
Catael,  CA 

£c.  Janes  B.  Hoffaia 
Eepartaeat  of  Psycholoqy 
University  of  Delaware 
BewacJc.  Oc  197  1 1 

It.  Lloyd  Huaphreys 
fcpartaent  of  Psycholoqy 
University  of  Illinois 
Chaapaiqn.  IL 

U.  lari  Hunt 
Cept.  of  Psycholoqy 
University  of  Hashiaqtou 
Seattle.  ik  99105 

£r.  Ray  inaba 
21116  Vanowen  street 
Caaoqa  Park.  CA 
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LB.  L ANBfilCK  8.  JOHNSON 
LA8BIAC8  JOHNSON  6  ASSOC..  INC. 
Suite  103 

4545  42nd  Street,  N.h. 
Wasbinqtoo,  OC  20016 

£r.  Steveu  V.  Keele 
Dept.  of  Psycholoqy 
University  of  Oceqoe 
iuqene,  OB  97403 

Lc.  halter  Kintsch 
Department  of  Psycholoqy 
University  of  Colorado 
Doulder.  CO  30302 

Lc.  laved  Kieras 
Department  of  Psycholoqy 
University  of  Arizona 
lusccit,  A2  95721 

Ec.  Kenneth  A.  Kiivinqton 

Ercqraa  officer 

Alfred  P.  Sloan  Foundation 

63C  Fifth  Avenue 

Ken  York.  NY  10111 

Ir.  Stephen  Kossiyn 
Harvard  University 
lepartaent  of  Psycnoioqy 
33  Kirkland  Street 
Caatcidqe.  HA  02139 

Pr.  Karliu  Kroqec 
1117  via  So lota 

Palos  Verdes  Estates.  CA  90274 

pc.  «iil  Larkin 
Department  of  psycholoqy 
Carneqie  flelion  University 
Pittsaurqb.  PA  15213 

tr.  Alan  iesqold 
leacninq  S60  Center 
university  of  Pittsburqh 
f ittsburqh.  PA  15260 
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I  18  Er.  Bobect  A.  Levit 

Director,  behavioral  Sciences 
Ihe  EDM  Corporation 
7915  Jones  Branch  Drive 
McClcan,  VA  22101 

1 19  Cr.  Charles  Levis 

Faculteit  Sociale  Netenschappen 
Bilksuniversiteit  Groniuqen 
Cude  Botecinqestraat 
Gtoniaqen 
HlEiiLAhQS 

12C  Cr.  Alien  Bunro 

Behavioral  Technology  Laboratories 
1645  Elena  Ave.,  Fourth  Floor 
Bedcndo  beach,  CA  90277 

12!  Ir.  Coadld  A  Korean 

Lett.  ot  Psychology  C-009 
Univ.  of  California,  San  Cieqo 
La  Jolla,  CA  92093 

122  cr.  Jesse  orlaasky 

Institute  for  Defense  Analyses 
4 CC  Acer  navy  Drive 

Allinqtoo,  VA  22202 

123  MB.  1UIGI  PETBOLLO 

2431  B.  ECGEHOOD  STREET 
ABL1 IGTC1I ,  VA  22207 

124  Cr.  flartn a  Poison 

Ecparteent  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

125  EE.  PZTEB  P0LS0N 

If PI.  OF  ESICHOLOGX 
CMVEISITY  OF  COLCfiADO 
BC01CAB,  CO  80309 

126  Cfi.  El A KB  B.  BABSBT-KLBE 

E-K  B2SBABCH  6  SISTEM  DESIGN 
3S47  BIEGBBOMT  DBIVE 
EAL1BU,  CA  90265 
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£r.  Fred  ueif 
SESABE 

c/o  Ehysics  Depart sent 
University  of  California 
berkely,  CA  94720 

Ec«  Andre*  N.  Bose 
Asecican  institutes  for  Research 
1C55  Thoaas  Jefferson  St*  MB 
hasbinqton*  DC  20007 

Ct.  Ernst  Z*  Bothkopf 
Eell  Latccatories 
bCC  Mountain  Avenue 
Murray  Bill,  NJ  07974 


Ir*  David  Buselhart 
Centec  foe  Uuaan  inforsation 
Fcocessinq 

University  of  California 
ia  Jolla.  CA 
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£H.  UAL1EB  SCUM El DEB 
DIPT.  OP  PSYCHOLOGY 
UN1VEBSI11  OF  ILLINOIS 
CHAHEA1GN.  IL  61820 

tr.  Alan  Schoenfeld 
Eepactaent  of  flatbeeatics 
Haailton  Colxeqe 
Clinton.  BY  1 3323 

tr*  Bobert  J.  Seidel 
instructional  Technology  Group 
iiUHESC 

- 30  B*  tfishington  Street 
Alexandria.  7A  2231.4 

Ic.  Bobert  Saith 

Eepartaent  of  Coaputer  Science 

fiutqers  University 

ken  Brunswick.  MJ  C8903 

Dr.  Richard  snow 
School  of  Education 
Stanford  University 
Stanford.  CA  94305 
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LA.  ALHifil  STEVENS 
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lL  2  36 

SJKY,  Altany 
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Efa.  PAIH1CK  SHAPES 

INS  III  LIE  FC3  HATUEHAIIC AL 

SldBIii  IN  THE  SOCIAL  SCIENCES 
SIANFOBE  JNIVERS1IY 
STANFORD,  CA  94335 

Cc.  Couqlas  Towne 
Univ.  of  Jo.  California 
Behavioral  Technoloqy  Labs 
1£4f  S.  Elena  Ave. 

Reacndo  Beaca,  CA  90277 

Ir.  3*  Ubxaner 
tecceptconics,  Inc. 

6271  Variel  Avenue 

Woodland  Bills,  CA  91364 

Ec.  Eentcn  J.  Underwood 
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Northwestern  University 
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£r.  David  J.  Weiss 
N66C  Elliott  Hall 
University  of  Minnesota 
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